Objectives-Infectious agents like parvovirus have been implicated as exogenous factors that could trigger onset of systemic lupus erythematosus (SLE). A number of case reports describing a SLE-like presentation of acute human parvovirus B19 infection have been published, but no systematic investigation of the actual seroprevalence in epidemiologically defined SLE populations has previously been reported. Methods-Sera from 99 SLE patients from a defined area in Southern Sweden, representing 88% of all new SLE cases 1981-1995 within the Lund-Orup Health Care district with 175 000 adult inhabitants (> 15 years of age), and sera from 99 age and sex matched healthy controls were investigated for the presence of IgG parvovirus antibodies. Two diVerent commercially available EIA kits were used; one using E coli synthesised parvovirus VP1/VP2 antigen, and one using baculovirus derived parvovirus VP2 antigen. Results-The EIA using baculovirus derived antigen was more sensitive and surprisingly the controls were more often positive than the SLE patients were (79% versus 65%, 2 p=0.027). No diVerence between the groups was seen with the EIA using E coli derived antigen (46% versus 49%). Titration experiments indicated that the discordance between the two tests was a matter of sensitivity rather than specificity. Conclusion-No evidence was found of human parvovirus B19 infection being more prevalent among SLE patients. On the contrary, in one of the parvovirus EIAs the controls were more often positive than the SLE patients were.
Several infectious agents of viral origin have been suggested to trigger the onset of systemic lupus erythematosus (SLE).
1-3 One of them is human parvovirus B19, a small single stranded DNA virus with tropism for erythroid precursor cells. It is the causative agent for erythema infectiosum (fifth disease), and disorders such as transient aplastic crisis in patients with haemolytic anaemia, stillbirth or hydrops fetalis when occurring during pregnancy, bone marrow suppression in the immunocompromised host, systemic vasculitis and both acute and chronic arthropathy. 4 A large part of the population becomes exposed to parvovirus B19 during lifetime with seroprevalence increasing with age. [5] [6] [7] Several case reports describe patients with an acute parvovirus B19 infection and SLE-like symptoms like rash, non-erosive arthritis, fever, anaemia, leucopenia, thrombocytopenia and positive ANA reviewed by Nesher et al. 8 Furthermore, patients with acute parvovirus B19 infection may have antiphospholipid antibodies and also anti-dsDNA antibodies. 9 10 Despite the numerous case reports, no systematic investigation of the seroprevalence for parvovirus B19 in a SLE population has previously been performed to our knowledge. In this study, sera from 99 SLE patients from a defined area in southern Sweden, and sera from 99 age and sex matched healthy controls were investigated for the presence of anti-parvovirus B19 IgG antibodies with two immunoassays.
Methods

PATIENTS
The study group consisted of all incident cases of SLE retrieved 1981-1995 by validated methods 11 within a defined area in southern Sweden. Thus, from the adult (> 15 years of age) population within the Lund-Orup Health Care district with 175 000 adult inhabitants, 112 new cases were identified. Sera from 99 (88%) of these 112 SLE patients were available for analysis. Sera from 99 sex and age matched healthy persons (mainly healthy hospital staV members and their friends and relatives) from the same recruitment area were used as controls. All sera were analysed for IgG antibodies to parvovirus B19.
Mean age of the SLE patients at the time of blood sampling was 49.6 years (median 48, 17-89) and 12 of 99 were men. For controls mean age at the time of blood sampling was 48.6 years (median 47, 17-89), and 12 of the controls were men. Median number of American College of Rheumatology (ACR) classification criteria 12 fulfilled was 5.0. The distribution of these criteria in the SLE group is shown in table 1.
PARVOVIRUS SEROLOGY
Determinations of parvovirus IgG antibodies were performed in parallel with two diVerent enzymes linked immunosorbent assays (EIAs) based on recombinant prokaryote and eukaryote parvoviral antigens respectively:
The first test Parvovirus IgG Enzyme Immunoassay from Biotrin, Dublin, Ireland uses purified parvovirus VP2 antigen expressed in baculovirus system, and was performed according to the manufacturer's instructions.
The second test Parvovirus IgG ELISA from Progen, Heidelberg, Germany is based on purified parvovirus B19 VP1 and VP2 antigens expressed in E coli, also performed according to the manufacturer's instructions.
Anti-dsDNA IgG was measured with EIA (Euroimmun, Lübeck, Germany) and anticardiolipin IgG also with EIA (Euroimmun, Lübeck, Germany) according to the manufacturer's instructions.
STATISTICS
The 2 method was used for group comparisons when comparing parvovirus B19 IgG positivity/negativity between SLE patients and controls, and between SLE patients with and without glomerulonephritis and/or CNS involvement. Spearman's rank correlation test was used for correlations between titres of parvovirus B19 IgG and titres of anti-dsDNA IgG and anti-cardiolipin IgG antibodies, and the number of ACR criteria fulfilled.
Results
The EIA based on baculovirus derived parvovirus B19 VP2 (Biotrin) was the most sensitive (see below) and with this assay the healthy controls were slightly more often positive than the SLE patients (p = 0.027). Seventy nine per cent of the controls were positive compared with 65% of the SLE patients (fig1).
No diVerence was seen between SLE patients and controls with the IgG E coli derived VP1/VP2 EIA (Progen), 49% of the SLE patients being positive compared with 46% of the controls (fig 1) .
Thirty three per cent of the SLE patients were positive for anti-cardiolipin (aCL) antibodies and 26% were positive for anti-dsDNA antibodies. No correlations between titres of antibodies against B19 antigens and aCL antibodies or anti-dsDNA antibodies were observed.
To investigate if there was a relation between disease severity and parvovirus B19 reactivity, patients with glomerulonephritis and/or CNS involvement (ACR criteria 7 and 8) were compared with patients without these manifestations. With both assays patients with kidney and/or CNS involvement were more often parvovirus B19 negative (VP2 assay: p = 0.037, VP1/VP2 assay: p = 0.018). Mean age in these two groups of SLE patients were similar (48.4 versus 50.5), and a diVerence in age could thus not explain these results. However, no relation was observed between the number of ACR criteria and parvovirus B19 reactivity.
We found some discrepancies between the results with the two assays: positivity in the VP2 (Biotrin) assay/negativity in the VP1/VP2 (Progen) assay. Sera from 15 SLE patients positive in the Biotrin EIA but negative in the Progen EIA were therefore tested further. These 15 discordant sera together with seven concordant IgG positive sera were also assayed by the Biotrin IgG EIA at higher dilutions (1/800, 1/1600) than dilution 1/100 recommended by the manufacturer (1/100). At serum dilution 1/800 all seven concordant sera but only 3 of 15 discordant sera reacted above cut oV in the Biotrin test. At serum dilution 1/1600 all seven concordant sera were still positive, whereas only 1 of 15 discordant sera was positive, indicating that the titres in the discordant samples were lower. In addition, the same 15 discordant sera were retested by the Progen assay at a lower dilution (1/50) than recommended by the manufacturer (1/100) together with five samples that were concordantly negative by both Biotrin and Progen. Of the 15 discordant samples seven turned positive at dilution 1/50 whereas all five concordantly negative samples remained negative in the Progen assay.
Taken together, these findings strongly indicate that the discordance between the test results was attrributable to a higher test sensitivity of the Biotrin test to detect low titred samples and not attributable to lower specificity. 8 and SLE associated autoantibodies. 9 10 This prompted us to investigate the prevalence of parvovirus B19 infection in an epidemiologically recruited cohort of SLE patients and a set of matched controls. The SLE cohort represented all new cases during 1981-1995 in a defined area in southern Sweden, and from a majority of these (88%) serum samples were available for parvovirus B19 testing.
Anti-parvovirus B19 IgG seroprevalence was not increased versus controls. This is the key observation of our study. Instead the opposite finding was, somewhat unexpectantly, obtained by the most sensitive assay. Thus, in the VP2 EIA (Biotrin) 65% of the SLE patients were positive compared with 79% of the controls (p = 0.027). The antibody prevalence is of the same magnitude as in other studies from northern Europe. [5] [6] [7] The slightly lower prevalence rate of anti-parvovirus B19 VP2 IgG in the SLE group, could be a question of titres as we observed a diVerence in sensitivity between the two assays. Another possibility is influence of drug treatment, especially among patients with kidney and/or CNS involvement.
Human parvovirus B19 is more commonly, together with HIV, hepatitis B and C viruses, and Epstein-Barr virus, associated with the production of autoantibodies than other viruses. 13 In the case reports of parvovirus B19 infected patients with SLE-like presentations, presence of ANA, anti-dsDNA-, aCL-, anti-SS-A-and SS-B-antibodies have been described. It has also been observed that the specificity of the aCL antibodies found in parvovirus B19 infected patients is similar to the specificity of the aCL antibodies in SLE patients. 9 In addition, the frequency of antidsDNA antibodies among patients with acute parvovirus B19 infection has been reported to be high. 10 In our SLE cohort, the frequencies of anti-dsDNA and aCL antibodies were when determined at the same time point as antibodies to parvovirus B19 was measured 26% and 33% positivity, respectively. The frequencies were as to be expected in an unselected SLE population. 14 15 No association was found between these autoantibodies and IgG antibodies to human parvovirus B19.
Our study does not exclude the possibility that parvovirus B19 might be a trigger of SLE disease in a minor subset of SLE patients. However, the main conclusion is that in the general population parvovirus B19 is unlikely to be of aetiological importance for SLE.
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